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_ The invention relates to a method for stabilising a magneti 
AsslgneeZ LEVISYS’ ROSNEY'SOUS'BOIS cally levitated object (2, 21, 31, 32, 52, 200) subjected to a 

(PR) constant magnetic ?eld, said object being stable in at least one 
direction and unstable in at least one other direction. The 

Appl. NO.I 11/816,216 inventive method is characterised in that it comprises a stabi 
lisation step, Which is repeated as often as required, and 

PCT Filed: Feb. 15, 2006 consists in applying an electrical current through at least one 
conductive element (15a to 160, 27, 44, 62, 211) subjected to 

PCT NO; PCT/F1106/00340 a secondary magnetic ?eld in such a Way as to generate a 
compensating Laplace force in the direction of instability. 

§ 371 (0X1), The invention also relates to a magnetic levitation device (1, 
(2), (4) Date; 59p, 19, 2007 20, 30, 50) stabilised by the inventive method. 
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METHOD FOR STABILIZINGA 
MAGNETICALLY LEVITATED OBJECT 

[0001] The present invention relates to a method for stabi 
lizing a magnetically levitated object and to a magnetic levi 
tation device. 
[0002] Magnetic ?elds can be used to generate forces in 
various actuators alloWing them to undergo frictionless 
movement and noiseless operation. Such a means of actuation 
is used When conventional mechanical systems reach their 
limits and are no longer suitable. More particularly, there are 
applications that require very high rotation speeds, for Which 
it is especially necessary to minimize frictional losses and/or 
to avoid Wear, and/or Where it is impossible to employ lubri 
cants. 

[0003] Examples of applications for Which these advan 
tages are most particularly desirable are, among others, iner 
tial ?yWheel systems, Which constitute devices for storing 
energy in kinetic energy form in a Wheel rotating at several 
thousand revolutions per minute, and magnetically levitated 
trains for Which only air friction remains, Which trains may 
reach speeds greatly in excess of 400 km/h. 
[0004] Most currently available magnetic actuators use 
magnetic levitation only in one degree of freedom. This is the 
case of an electric motor in Which only the magnetic forces for 
driving the rotor are used. 
[0005] In the case of most of these applications, it is par 
ticularly desirable to minimize the existing friction so as to 
reduce the energy losses and the noise that they generate, and 
it generally proves necessary, in order to do this, to have to 
magnetically control an object in several degrees of freedom. 
[0006] NoW, When it is desired to keep an object in com 
plete levitation by the use of magnetic ?elds, that is to say 
having the six degrees of freedom in space, it proves to be 
particularly dif?cult to stabilize it. In 1839, the scientist S. 
EamshaW demonstrated that it Was impossible to stabilize a 
magnetically polarized particle in a static ?eld. As a result, it 
is impossible to stabilize a ferromagnetic body in magnetic 
levitation using permanent magnets or ferromagnetic ele 
ments. Several solutions for obviating EarnshaW’s laW have 
hoWever been devised and are currently used to stabilize 
magnetically levitated objects. 
[0007] A ?rst solution consists in using a diamagnetic 
material. Such a material, unlike a ferromagnetic material 
Which possesses a permanent magnetization, develops a mag 
netic ?eld in reaction to an external magnetic ?eld to Which it 
is subjected. This induced magnetic ?eld tends to oppose the 
external magnetic ?eld by alWays being antiparallel thereto, 
and consequently it alWays opposes the ?eld variations 
caused by the levitated object When the latter moves aWay 
from its equilibrium position. There exists therefore a restor 
ing force that keeps the object stable. This is the case for 
magnetic levitation using superconductors. HoWever, this 
solution is dif?cult to implement as these materials must 
generally be cooled to a very loW temperature in liquid nitro 
gen in order to be able to achieve the superconductivity state. 
Consequently, this method, although satisfactory from a theo 
retical standpoint, remains particularly tricky to put into prac 
tice and requires cryogenic means that consume a very large 
amount of energy. 

[0008] A second solution consists in using electromagnets. 
This is because, in the same Way that a diamagnetic material 
permanently develops a magnetic ?eld opposite the external 
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magnetic ?eld to Which it is subjected, it is possible to modify 
the ?eld developed by an electromagnet so that it offsets a 
deviation of the levitated object from the desired equilibrium 
position. EarnshaW’s laW is therefore not violated, the mag 
netic levitation remaining impossible if constant electrical 
currents ?oW through the electromagnets, and therefore 
develop stable magnetic ?elds, but circumvented by adjusting 
the magnetic ?elds developed by the electromagnets, Which 
are therefore variable, and also the resulting directions of 
these ?elds. 

[0009] A third solution consists in using alternating ?elds 
generated by coils. The ?eld variations generate induced cur 
rents, called eddy currents, in a conducting object, these 
currents then creating a repulsive force that may be suf?cient 
to lift the object. 

[0010] HoWever, the second and third solutions have major 
draWbacks because of the electrical poWer needed to generate 
suf?ciently intense magnetic ?elds using electromagnets and 
coils. Moreover, the need to permanently control the mag 
netic ?eld developed by the electromagnets requires install 
ing a complex control system, Which also consumes electrical 
poWer and Which must have an extremely short response time. 
This constraint is dif?cult to achieve because of generally 
nonlinear transfer functions of such a system. Such a levita 
tion mode is said to be “active”, as opposed to a levitation 
using permanent magnets, Which do not consume additional 
energy, and Which is therefore called “passive” levitation. 

[0011] A fourth solution should be mentioned, Which 
makes it possible to keep an object possessing permanent 
magnetization in levitation in a ?eld that is also permanent. 
This object is sold under the trademark LEVITRON® and 
takes the form of a top that can be kept levitated in a stable 
magnetic ?eld When it is rotating. Contrary to appearances, 
this object does not violate EamshaW’s laW. This is because 
the instability inherent in any levitation system in a stable 
?eld is alWays present, this being, hoWever, compensated for 
by a stabilizing gyroscopic effect coming from the rotation of 
the top. HoWever, the equilibrium thus obtained is relatively 
unstable and the stability conditions are particularly strict. 
Thus, the mass of the top must be very precisely adjusted, and 
likeWise its rotation speed and the direction of the magnetic 
?eld relative to the direction of gravity. 

[0012] To alleviate several of these draWbacks, a ?fth solu 
tion has been developed that relies on a hybrid system using 
both permanent magnets and electromagnets and Which thus 
alloWs the electrical consumption of the system to be slightly 
reduced. Such a levitation is called “partially passive” levita 
tion. Thus, a partially passive levitation device is knoWn 
Which comprises a cylindrical rotor in levitation betWeen tWo 
rare-earth permanent magnets developing a ?eld of 1.1 tesla, 
but ensuring only radial stability. In the absence of comple 
mentary stabilization, the system is therefore very unstable 
axially. To achieve this stabilization, each permanent magnet 
is associated With a servocontrolled electromagnet so as to 
ensure axial stabilization of the rotor about a mean equilib 
rium position. The use of permanent magnets makes it pos 
sible, on the one hand, to have a system With a linear transfer 
function and, on the other hand, to ensure centering by reluc 
tance even if the electromagnets are not poWered, the latter 
being used only for increasing or reducing the permanent 
?eld applied, and thus to displace the equilibrium of the 
forces being applied on the rotor. HoWever, the electrical 
consumption of such a system remains relatively high and 
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still requires the installation of a sensor associated With a 
complex and high-speed servo-control system. 
[0013] Because of these technical and economic con 
straints, this technology is used only Within the context of 
very speci?c applications for Which the energy cost is almost 
of no consideration. 

[0014] One of the main current applications of magnetic 
levitation is for magnetic bearings, especially for inertial 
?yWheel systems and other rotating devices. Inertial ?yWheel 
systems are used to store energy in kinetic form in a rotating 
?ywheel, the axis of Which is kept constant by magnetic 
bearings so as to restore the energy in the event of the current 
being cut off or an irregular poWer supply. For example, When 
the electricity generation of a Wind turbine is su?icient to 
poWer an electrical system, some of this current is used to 
drive the inertial ?yWheel system by means of a motor/gen 
erator and to keep its speed at several thousand revolutions 
per minute. In the event of a drop in electricity generation by 
the Wind turbine, the speed of the inertial ?yWheel system is 
converted, thanks to the same motor/ generator then operating 
in generator mode, into electricity. This makes it possible to 
ensure constant poWer supply until a rise in electricity gen 
eration. To optimize the energy storage, to minimize the fric 
tion losses and to restore the energy With maximum e?iciency 
over the longest possible period of time, the levitation of the 
?yWheel must be very precisely controlled and must consume 
the least possible electrical poWer for controlling this levita 
tion. As explained above, most of the current solutions fail to 
achieve these objectivesilevitation using permanent mag 
nets, Which therefore do not consume electrical energy, is 
impossible because of EarnshaW’s laW, Whereas active levi 
tation especially requires a very large amount of electrical 
energy. This problem may also apply to magnetically levi 
tated trains for Which the operating cost, in addition to the 
already high installation cost, is excessive compared With the 
expected pro?tability, Whether the levitation is provided 
using coils requiring very high electrical poWer or Whether it 
uses superconductors that generally have to be kept in a bath 
of liquid nitrogen. 
[0015] The object of the present invention is to remedy the 
abovementioned draWbacks and consists, to do this, of a 
method of stabilizing a magnetically levitated object sub 
jected to at least one constant magnetic ?eld, said object being 
stable in at least one direction and unstable in at least one 
other direction, characterized in that it includes a stabilizing 
step, repeated as often as necessary, Which consists in apply 
ing an electrical current through at least one conducting ele 
ment subjected to a secondary magnetic ?eld so as to generate 
a compensating Lorentz force in the direction of instability. 
[0016] Thus, thanks to the application of a compensating 
Lorentz force, it is easy to compensate for the magnetic 
instabilities inherent in the system, While minimizing its elec 
trical consumption. 
[0017] This is because an object in a stable magnetic ?eld 
possesses potential energy of the harmonic type, the Lapla 
cian of Which, namely the sum of the second partial deriva 
tives With respect to the spatial coordinates, is zero. Thus, the 
second partial derivatives of the potential energy With respect 
to each of the spatial coordinates cannot all be negative, as a 
perfectly stable equilibrium Would desire. Consequently, 
there is still at least one coordinate With respect to Which the 
second partial derivative is positive, therefore for Which there 
is no stable equilibrium position. It has been found, surpris 
ingly, that by applying a Lorentz force, the potential of Which 
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is quadratic, in the direction of the instability it is possible to 
give the system a potential energy for Which stable points 
exist. Consequently, it is no longer necessary to use poWerful 
electromagnets to stabilize such a system, and the overall 
electrical consumption is thereby considerably reduced. 
[0018] The magnetic ?eld for levitating the object may be 
generated by one or more magnetic ?eld sources depending 
on the geometry of the object. It may prove necessary to use 
at least tWo magnetic sources to create a magnetic ?eld in the 
desired direction so as to enhance the stability of the object. 
[0019] Advantageously, the aim of the stabilizing step is to 
keep the object betWeen an upper bound and a loWer bound 
around a desired mean equilibrium position. This is because, 
a greater or smaller Lorentz force has to be exerted depending 
on the desired degree of stability. The more precisely the 
equilibrium has to be maintained, the more necessary it is to 
compensate for the instabilities of the system by applying 
larger compensating forces. Advantageously, it is possible to 
apply a Lorentz force providing about 10% of the total lift 
needed to levitate the object, the remaining 90% being pro 
vided by the permanent magnets. 
[0020] Also advantageously, the method according to the 
invention includes a step of detecting the position of the 
object, capable of initiating and/ or interrupting the How of the 
electrical current through the conducting element. Thus, the 
electrical current is applied only When needed to bring the 
object back to its mean equilibrium position, thereby further 
reducing consumption. Accepting a slight oscillation about a 
desired mean equilibrium point, it is possible to further 
reduce the electrical consumption of the system. 
[0021] The subject of the present invention is also a mag 
netic levitation device comprising an object in levitation sub 
jected to at least one constant magnetic ?eld, interacting With 
corresponding magnetization means of the levitated object, 
characterized in that it includes, on the one hand, secondary 
magnetic elements that are capable of generating a secondary 
magnetic ?eld and, on the other hand, at least one conducting 
element subjected to the secondary magnetic ?eld, so that a 
compensating Lorentz force is generated on the levitated 
object When an electrical current ?oWs through the conduct 
ing element. 
[0022] It should be noted that the expression “by corre 
sponding magnetization means” should be understood to 
mean any material sensitive to a surrounding magnetic ?eld. 
Such materials are of course magnets, Which react to another 
magnet, but also ferromagnetic materials, Which are nonmag 
netized per se but are magnetically oriented When placed in a 
magnetic ?eld. 
[0023] It must be clearly understood that the constant mag 
netic ?eld is generated by at least one ?eld source, it being 
possible for the magnetic ?eld source and the corresponding 
magnetization means to be reversed in such a Way that the 
?eld source is located on the object and interacts With an 
external corresponding magnetization means. 
[0024] Preferably, the magnetic ?eld, together With the cor 
responding magnetization means, develops an attractive 
force that is exerted on the levitated object. It is also possible 
for the magnetic ?eld, together With the corresponding mag 
netization means, to develop attractive forces and repulsive 
forces that are exerted on the levitated object. 

[0025] According to an alternative embodiment, the mag 
netic ?eld is generated by at least tWo magnetic ?eld sources, 
the magnetic ?eld sources and the corresponding magnetiza 
tion means of the levitated possessing a parallel magnetic 
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orientation in the same direction. For example, in the case of 
a system With symmetry of revolution, tWo interacting con 
centric permanent magnet rings are used, one of the rings 
being integral With a stator, Whereas the other ring is integral 
With the levitated object, for example a rotor. 
[0026] Preferably, the conducting element is a coil. In gen 
eral, a conducting element made of silver is preferred, this 
metal being one of the best conductors currently known. It 
may also be envisaged to use carbon nanotubes. Of course, 
the intensity of the Lorentz force developed may vary accord 
ing to the aspect ratio of the coil, this aspect ratio preferably 
being de?ned so as to maximize the Lorentz force in the 
direction contributing to the stability for a minimum electri 
cal current in the coil. Advantageously, the coil is Wide and 
thin. 
[0027] Also preferably, the magnetic ?eld sources and/or 
the complementary magnetization means and/or the second 
ary magnetic elements are permanent magnets. Advanta 
geously, the permanent magnets are magnets based on neo 
dium-iron-boron. Also advantageously, the magnets are 
placed in What is called a Halbach con?guration, so as to 
obtain both a maximum main ?eld and minimum parasitic 
?elds. 
[0028] According to an alternative embodiment, the sec 
ondary magnetic elements interact With at least one ferromag 
netic material shaped so as to alloW the secondary magnetic 
?eld to be reoriented. 
[0029] Preferably, the device includes at least one sensor 
capable of initiating or interrupting the How of the current 
through the conducting element according to the position of 
the levitated object. Thus, it is unnecessary for the conducting 
element to be permanently poWered, thereby further reducing 
the electrical consumption of the system. The current in the 
conducting element may also be controlled by a servo-con 
trolled circuit of the on/off type, proportional, integral or 
derivative type, or any combination of these depending on the 
position of the levitated object. 
[0030] Advantageously, the sensor includes a tip integral 
With the levitated object and capable of coming into contact 
With a sWitch in order to close it. 
[0031] The implementation of the invention Will be better 
understood from the detailed description presented beloW, in 
conjunction With the appended draWing in Which: 
[0032] FIG. 1 is a schematic longitudinal sectional repre 
sentation of a ?rst embodiment of an inertial ?yWheel system 
axially stabilized using the method of the invention; 
[0033] FIG. 2 is a schematic longitudinal sectional repre 
sentation of a second embodiment of an inertial ?yWheel 
system radially stabilized using the method of the invention; 
[0034] FIG. 3 is a schematic longitudinal sectional repre 
sentation of a third embodiment of an inertial ?yWheel system 
axially stabilized using the method of the invention; 
[0035] FIG. 4 is a schematic longitudinal sectional repre 
sentation of a fourth embodiment of an inertial ?yWheel sys 
tem stabilized according to the invention, and using soft iron 
to reorient the magnetic ?elds. 
[0036] FIG. 5 is a sectional top vieW of the inertial ?yWheel 
system of FIG. 4; 
[0037] FIGS. 6 and 7 shoW tWo embodiments of the reori 
entation of the magnetic ?eld using soft iron; 
[0038] FIG. 8 is a schematic representation of a ?rst 
embodiment of an instability detector; 
[0039] FIG. 9 is a schematic representation of a second 
embodiment of an instability detector; 
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[0040] FIG. 10 is a top vieW of the sensor of FIG. 9; and 
[0041] FIG. 11 is a schematic representation of an altema 
tive Way of applying the stabilization method according to the 
invention to a magnetically levitated train. 
[0042] An inertial ?yWheel system 1, as shoWn in FIG. 1, 
comprises a cylindrical ?yWheel 2 in magnetic levitation 
betWeen a loWer magnetic source 3 and an upper magnetic 
source 4. Each magnetic source 3, 4 comprises a respective 
circular magnet 5, 6 facing a respective circular magnet 7, 8 
corresponding to the ?yWheel 2. 
[0043] Moreover, the ?yWheel 2 has a central loWer cavity 
9 and a central upper cavity 10. The loWer cavity 9 houses tWo 
superposed pairs of additional magnets 11a, 11b, 12a, 12b, 
the radial magnetic ?eld developed by one of the tWo pairs of 
additional magnets 11a, 11b, 12a, 12b opposing the ?eld 
developed by the other pair of additional magnets 12a, 12b, 
11a, 11b. Likewise, the upper cavity 10 houses tWo super 
posed pairs of additional magnets 13a, 13b, 14a, 14b. 
[0044] The loWer cavity 9 and the upper cavity 10 are each 
intended to accommodate, respectively, a set of conducting 
Wires 15a, 15b, 150, 16a, 16b, 16c integral With the corre 
sponding magnetic source 3, 4 and placed perpendicular to 
the axis of the ?yWheel 2. Each set of conducting Wires 15a, 
15b, 150, 16a, 16b, 160 is connected to a poWer supply circuit 
(not shoWn). 
[0045] The orientation of the poles of the circular magnets 
5 to 8 is chosen so that the circular magnets 5, 7 on the one 
hand, and 6, 8 on the other, develop respectively betWeen 
them an attractive magnetic force. The poWers of the circular 
magnets 5 to 8 are chosen so that the attractive force tending 
to move the ?yWheel 2 toWard the upper source 4 is in equi 
librium With the attractive force tending to move the ?yWheel 
2 toWard the loWer source 3 increased by the force exerted by 
gravity (shoWn symbolically by an arroW), that is to say the 
Weight of the ?yWheel 2. 
[0046] Moreover, the magnets 5, 6 exert a large centering 
force on the ?yWheel 2, said magnets tending to align the 
magnetic axis of the corresponding magnets 7, 8 With their 
oWn. This centering force is sul?cient to stabilize the ?yWheel 
radially. 
[0047] According to EarnshaW’s laW, the ?yWheel 2 in 
levitation betWeen the loWer source 3 and the upper source 4 
cannot be stable. Speci?cally, since the centering force of the 
magnets 5 to 8 arranged attractively is particularly large, this 
force gives the ?yWheel 2 radial stability but imposes axial 
instability. Thus, in the absence of any complementary ?eld 
regulation, the ?yWheel 2 Will naturally have a tendency to 
come into contact With the loWer magnetic source 3 or the 
upper magnetic source 4. 
[0048] Axial stability is provided by the interactions 
betWeen each of the additional magnets 11a to 14b and the 
sets of corresponding conducting Wires 15a to 160. What 
happens is that, When an electrical current ?oWs through a 
conductor subjected to a perpendicular magnetic ?eld, said 
conductor experiences a Lorentz force forming, With the cur 
rent and ?eld vectors, a direct orthonormal reference frame. 

[0049] Thus, each of the sets of conducting Wires 15a to 160 
through Which an electrical current ?oWs interact With the 
corresponding additional magnets 11a to 14b. In this case, the 
orientation of the additional pairs of magnets 11a to 14b and 
the direction of the electrical current ?oWing through the 
conducting Wires 15a to 160 are chosen so that When the 
?yWheel 2 approaches the loWer source 3, the Lorentz force 
generated is directed axially and tends to move the ?yWheel 2 
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away from the lower source 3. Correspondingly, when the 
?ywheel 2 approaches the upper source 4, the Lorentz force 
generated must be directed axially and tend to move the 
?ywheel 2 away from the upper source 4. 

[0050] In the arrangement shown in FIG. 1, when the ?y 
wheel 2 is in equilibrium, one half of the conducting wires 
15a to 160 are subjected to the radial magnetic ?eld of the 
pairs of additional magnets 11a, 11b, 14a, 14b, whereas the 
other half of the conducting wires 15a to 160 are subjected to 
the radial magnetic ?eld of the pairs of additional magnets 
12a, 12b, 13a, 13b in the same direction but in the opposite 
sense to the ?eld of the pairs of additional magnets 11a, 11b, 
14a, 14b. The Lorentz force resulting from these two effects 
is therefore zero. In this case, it has been considered, for the 
example, that the power of the additional magnets 11a to 14b 
is the same and that the same electrical current ?ows through 
the conducting wires 15a to 160. However, it is of course 
possible to obtain such an equilibrium with magnets of dif 
ferent power and with different electrical currents. 

[0051] However, as explained, the ?ywheel 2 is axially 
unstable and tends to move either toward the lower source 3 or 
the upper source 4. When the ?ywheel 2 moves toward the 
lower source 3, the conducting wires 15a to 150 are then 
mainly subjected to the magnetic ?eld of the pair of additional 
magnets 12a, 12b, whereas the conducting wires 16a to 160 
are mainly subjected to the magnetic ?eld of the pair of 
additional magnets 13a, 13b of the same magnetic orientation 
as the pair of additional magnets 12a, 12b. The direction of 
the electrical current ?owing through the conducting wires 
15a to 160 is chosen so that the ?ywheel 2 experiences a 
Lorentz force tending to move the ?ywheel 2 away from the 
lower source 3 toward the upper source 4. It should be noted 
that this case is also applicable to the ?ywheel before it is put 
into levitation, the Lorentz force thus created participating in 
lifting it up off the lower magnetic source 3. 

[0052] Likewise, when the ?ywheel 2 moves toward the 
upper source 4, the set of conducting wires 15a to 150 is 
mainly subjected to the ?eld of the pair of additional magnets 
11a, 11b, whereas the conducting wires 16a to 160 are mainly 
subjected to the ?eld of the pair of additional magnets 14a, 
14b of the same magnetic orientation. Since the magnetic 
orientation of the pairs 11a, 11b and 14a, 14b is opposite that 
of the pairs 12a, 12b on the one hand, and 13a, 13b on the 
other, the resulting Lorentz force therefore has an opposite 
direction and tends to move the ?ywheel 2 away from the 
upper source 4 in order to bring it back to its initial unstable 
equilibrium position. 
[0053] In this way, the ?ywheel 2 is stabilized axially with 
out using any sensor or any system for regulating the electri 
cal current, and it oscillates on either side of a mean equilib 
rium position. Experiments have shown that the intensity of 
the electrical current needed to stabilize a ?ywheel 2 having a 
mass of 2.4 kg is only about 15 milliamps. 
[0054] An inertial ?ywheel system 20, as shown in FIG. 2, 
comprises a ?ywheel 21 differing from the ?ywheel 2 mainly 
by the fact that it is subjected to a lower magnetic source 311 
comprising a circular magnet 511 that interacts with a corre 
sponding circular magnet 7a of the ?ywheel 21 so as to 
develop, between them, a repulsive force that opposes the 
drop of the ?ywheel 21 by gravity (shown symbolically by an 
arrow). Unlike the ?ywheel 2 of the inertial ?ywheel system 
1, the ?ywheel 21 is axially stable but radially unstable, the 
lower magnetic source 3 tending to push the ?ywheel 21 
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laterally. Consequently, the ?ywheel 21 must therefore be 
stabilized radially using the method according to the inven 
tion. 
[0055] To do this, the ?ywheel 21 includes a peripheral 
lateral groove 22 comprising adjacent circular upper addi 
tional magnets 23, 24 and lower additional magnets 25, 26, 
which are also circular and adjacent, said lateral groove 22 
being intended to accommodate a set of conducting wires 
27a, 27b, 27c forming turns of a coil 27 through which a 
constant electrical current ?ows. The additional magnets 23 
and 25 are located facing each other and possess an identical 
magnetic orientation. The additional magnets 24 and 26 are 
also located facing each other and possess an identical mag 
netic orientation, but opposite the magnetic orientation of the 
additional magnets 23, 25. 
[0056] As in the case of the inertial ?ywheel system 1, 
when the ?ywheel 20 is in equilibrium, the coil 27 has as 
many turns subjected to the magnetic ?eld of the additional 
magnets 23, 25 as turns subjected to the magnetic ?eld of the 
additional magnets 24, 26, and the resulting Lorentz force is 
therefore zero. When the ?ywheel 21 deviates radially, the 
coil 27 is, in the direction in which the ?ywheel 21 deviates 
and irrespective of this direction, mainly subjected to the 
magnetic ?eld of the additional magnets 24, 26, whereas in 
the diametrically opposed direction said coil 27 is mainly 
subjected to the magnetic ?eld of the additional magnets 23, 
24 which is opposite that of the additional magnets 24, 26. 
Since the sense of the current ?owing through the coil 27, in 
the direction in which the ?ywheel 21 deviates, is opposite 
that of the diametrically opposed direction, the Lorentz force 
generated on either side of the ?ywheel 21 has one direction 
and an identical sense. The sense of the current ?owing 
through the coil 27 and the orientation of the additional mag 
nets 23 to 26 are chosen so that the Lorentz force being 
exerted in the direction in which the ?ywheel 21 deviates is 
centripetal, thus returning the ?ywheel 21 into its equilibrium 
position, the corresponding Lorentz force being exerted in the 
diametrically opposite direction then being centrifugal. 
[0057] Thus, the ?ywheel 21 is stabilized radially and oscil 
lates about its axis. 
[0058] FIG. 3 shows a third embodiment of an inertial 
?ywheel system stabilized using the method of the invention. 
This inertial ?ywheel system 30 comprises a cylindrical ?y 
wheel 31 having a shaft 32 and held in magnetic levitation 
between a lower magnetic source 33 and an upper magnetic 
source 34. Each magnetic source comprises an annular mag 
net 35, 36 through which the shaft 32 passes, the magnets 35, 
36 possessing an axial magnetic orientation and each inter 
acting with a corresponding concentric magnet 37, 38 located 
on the shaft 32 of the ?ywheel 31 at the same height as said 
magnets 35, 36. 
[0059] The orientation of the magnets 35 to 38 is chosen to 
be the same, the magnets 35, 37 on the one hand, and 36, 38 
on the other, developing respectively, between them, a mag 
netic force for centering the shaft 32. The ?ywheel 31 is 
therefore radially stable, but exhibits axial instability stabi 
lized by the method according to the invention. 
[0060] To do this, the ?ywheel 31 has an upper peripheral 
groove 39 housing two superposed circular outer additional 
magnets 40, 41 and two superposed inner additional magnets 
42, 43, said groove 39 being intended to accommodate a set of 
conducting wires 44a, 44b, 44c forming turns of a coil 44 
through which a constant electrical current ?ows. The addi 
tional magnets 40 and 42 are concentric and possess the same 
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magnetic orientation. The additional magnets 41 and 43 are 
also concentric and possess an identical magnetic orientation 
but opposite the magnetic orientation of the additional mag 
nets 40, 42. 
[0061] As in the case of the inertial ?ywheel systems 1 and 
20, when the ?ywheel 30 is in equilibrium, the coil 44 pos 
sesses as many turns subjected to the magnetic ?eld of the 
additional magnets 40, 42 as turns subjected to the magnetic 
?eld of the additional magnets 41, 43, and the resulting 
Lorentz force is therefore Zero. When the ?ywheel 30 devi 
ates axially and moves toward the lower magnetic source 33, 
the coil 44 is then mainly subj ected to the magnetic ?eld of the 
additional magnets 41, 43. The orientation of the additional 
magnets 41, 43 and the direction of the electrical current 
through the coil 44 are chosen so that the Lorentz force 
generated tends to move the ?ywheel 30 away from the lower 
source 33 and bring it back to its initial unstable equilibrium 
position. Likewise, when the ?ywheel 30 moves toward the 
upper magnetic source 34, the coil 44 is then mainly subjected 
to the magnetic ?eld of the additional magnets 40, 42. Since 
the orientation of the additional magnets 40, 42 is opposite the 
orientation of the magnets 41, 43, the LorentZ force generated 
tends to move the ?ywheel 30 away from the upper source 34 
and bring it back to its initial unstable equilibrium position. 
[0062] Thus, the ?ywheel 30 is stabiliZed axially and oscil 
lates about a mean equilibrium position. 
[0063] As a variant, it is possible to use fewer magnets and 
to control the orientation of their ?eld using soft iron. An 
inertial ?ywheel system 50, as shown in FIG. 4 constitutes 
one exemplary embodiment thereof. 
[0064] This inertial ?ywheel system 50 comprises a cylin 
drical ?ywheel 52 in magnetic levitation between a lower 
magnetic source 53 and an upper magnetic source 54. Each 
magnetic source 53, 54 comprises a respective circular mag 
net 55, 56 facing a corresponding circular magnet 57, 58 of 
the ?ywheel 52. 
[0065] Moreover, the ?ywheel 52 has a central annular 
groove 59, the center of which houses an additional magnet 
60 developing an axial magnetic ?eld, said groove 59 having 
walls covered with a layer of soft iron 61 in order to reorient 
the magnetic ?eld of the additional magnet 60 in a radial 
direction. Other provisions of soft iron near additional mag 
nets are shown in FIGS. 6 and 7. 

[0066] The groove 59 is intended to accommodate a set of 
conducting wires 62a, 62b, 62c forming a coil 62 integral 
with the upper magnetic source 64, the coil 62 possessing an 
axis that merges with the axis of the ?ywheel 52. The coil 62 
is connected to a power supply circuit (not shown). 
[0067] As in the case of the inertial ?ywheel system 1, the 
magnetic orientation of the magnets 55 to 58 is chosen so that 
the magnets 55, 57 on the one hand, and 56, 58 on the other, 
develop respectively, between them, an attractive magnetic 
force. The powers of the magnets 55 to 58 are chosen so that 
the attractive force tending to move the ?ywheel 52 toward 
the upper source 54 is in equilibrium with the attractive force 
tending to move the ?ywheel 52 toward the lower source 53 
increased by the force exerted by gravity (shown symboli 
cally by an arrow), i.e. the weight of the ?ywheel 52. 
[0068] Axial stability is provided by the interactions 
between the coil 62 and the magnetic ?eld developed by the 
additional magnet 60, generating a complementary LorentZ 
force. 
[0069] According to the arrangement shown in FIGS. 4 and 
5, when the ?ywheel 52 is in equilibrium, no LorentZ force is 
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generated and the coil 62 is not powered. When the ?ywheel 
52 moves toward the lower source 53, an electrical current is 
applied to the terminals of the coil 62, the direction of the 
current being chosen so as to generate a LorentZ force 
directed axially and tending to move the ?ywheel 52 away 
from the lower source 53 in order to bring it back to its initial 
unstable equilibrium position. When the ?ywheel 52 moves 
toward the upper source 54, it is necessary to generate a 
LorentZ force tending to move the ?ywheel 52 away from the 
upper source 54. To do this, since the magnetic ?eld of the 
additional magnet acting on the coil 62 is constant, it is 
necessary to reverse the direction of the current ?owing 
through said coil 62. 
[0070] As a complement in this device, it is therefore nec 
essary to provide a sensor for detecting whether the ?ywheel 
52 is moving toward the lower source 53 or the upper source 
54, so as to apply the current in the desired direction when 
necessary. Unlike the previous devices, for which no sensor is 
necessary but in which the electrical conductors are perma 
nently powered, the coil 62 of the inertial ?ywheel system 60 
does not need to be permanently powered, thereby further 
reducing the electrical consumption of the device. However, 
it does require coupling of the power supply circuit to a 
sensor. 

[0071] Examples of sensors are shown in FIGS. 8 to 10. 

[0072] FIG. 8 shows a mechanical sensor 100 comprising a 
tip 101 having an extremely ?ne and strong point terminating 
in a very small diameter (less than 1 mm) ball made of very 
hard material, said tip being intended to be fastened to the 
center of the ?ywheel 52. A switch 102 comprising two 
conducting plates 103, 104, the plate 104 being stationary and 
fastened to the framework of the inertial ?ywheel system. 
These two plates 103, 104 are connected to the power supply. 
More precisely, the plate 103 is intended to be in contact with 
the tip 101 and comprises, for this purpose, an extremely hard 
plate 105 made of ruby. When, under the effect of the LorentZ 
force, the ?ywheel 52 moves toward the upper source 53, the 
tip exerts a very small force (a few hundred milligrams) on the 
plate 105 and pushes the plate 103 into contact with the plate 
104, thereby closing the electrical circuit and causing the 
current to ?ow. This has the effect of eliminating the LorentZ 
force and the ?ywheel 52 then drops back down, moving 
away from the upper source 54. This moves the tip 101 away 
and reopens the electrical circuit, with the effect that the 
LorentZ force is reestablished. The same applies with a sec 
ond sensor, for the lower source 53. This type of operation 
means that the ?ywheel 52 oscillates with a very small ampli 
tude on either side of the metastable Eamshaw equilibrium 
point or very close to this point, thereby making it possible to 
limit the levitation power to very small values, taking into 
account the mass of the ?ywheel 52. 

[0073] FIGS. 9 and 10 show a sensor 110 comprising a 
lower magnetic loop 111 and an upper magnetic loop 112 
lying respectively above and below the passage for the two 
magnets 114, 115 integral with the ?ywheel 52 and able to 
have an opposite magnetic orientation. It is of course possible 
to place several magnets similar to the magnets 114, 115 at 
regular intervals over the periphery of the ?ywheel 52, pos 
sibly alternating their magnetic orientations. When the ?y 
wheel is rotating, the lower magnetic loop 111 and upper 
magnetic loop 112 are subjected to an alternating ?eld induc 
ing alternating electrical currents in phase opposition in said 
loops 111, 112. These induced currents are added by a com 
parator 116 and the resulting current is directed into the coil 
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62 in order to power it. Optionally, it is possible to add thereto 
an operational ampli?er if the induced electromotive forces 
are insu?icient. This is because When the ?ywheel 52 moves 
toWard the upper source 54, the upper magnetic loop 112 is 
subjected to a stronger magnetic ?eld than the loWer magnetic 
loop 111, and therefore generates a higher induced electro 
motive force, the sum of the induced electromotive forces is 
therefore in favor of the upper loop 112, and the coil 62 is 
poWered by a current ?oWing in the corresponding direction. 
Conversely, When the ?yWheel 52 moves toWard the loWer 
source 53, the upper magnetic loop 112 is subjected to a 
Weaker magnetic ?eld than the loWer magnetic loop 111, and 
therefore generates a less intensive induced electromotive 
force, the sum of the induced electromotive forces is therefore 
in favor of the loWer loop 111, and the coil 62 is poWered by 
a current ?oWing in the opposite direction from the previous 
case and generates a reverse Lorentz force. 

[0074] It should be noted that the examples mentioned 
describe coils or conducting Wires integral With the upper 
and/ or loWer sources, While the ?yWheels comprise addi 
tional magnets. Of course, this arrangement may be reversed, 
the coil or the conducting Wires being integrated into the 
?yWheel While the additional magnets are integrated into the 
upper and/or loWer sources, and the poWer supply for the coil 
or conducting Wires is produced using a generator internal to 
the ?yWheel. HoWever, this embodiment is more dif?cult to 
implement and the arrangements as described above are pre 
ferred. 

[0075] FIG. 11 shoWs an alternative Way of applying the 
method according to the invention to a magnetically levitated 
train 200. This train 200 is in levitation betWeen a loWer rail 
201 and an upper rail 202 by means of magnets 203, 204, each 
cooperating With a magnet 205, 206 on the train so that the 
magnet 203 of the loWer rail 201 develops With the corre 
sponding magnet 205 on the train 200 a repulsive force, 
Whereas the magnet 204 of the upper rail 202 develops With 
the corresponding magnet 206 on the train 200 an attractive 
force. According to EamshaW’s laW, the train is laterally 
unstable and must be stabilized using the method according to 
the invention. To do this, the train 200 is equipped With lateral 
rails 207 made of soft iron, comprising an additional magnet 
208 possessing a vertical magnetization. This rail 207 is 
intended to accommodate a ?xed additional rail 209 integral 
With a channel 210 along Which the train runs. Passing 
through this additional rail 209 are conducting Wires 211 
supplied With electrical current and subjected to the magnetic 
?eld developed by the additional magnet 208. It is therefore 
possible to generate a Lorentz force exerted on the train 200 
and alloWing its magnetic instabilities to be corrected. 
[0076] It should be noted that one of the main advantages of 
the method and device forming the subject matter of the 
invention lies in the fact that it does not operate by modifying 
the lifting and positioning magnetic ?elds and that the posi 
tion of the levitated object is located at the metastable Eam 
shaW equilibrium point or very close to this point, thereby 
making it possible to limit the levitation poWer to extremely 
loW values, taking into account the magnitude of the mass of 
the levitated object. 
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[0077] Although the invention has been described in con 
junction With particular embodiments, it is of course in no 
Way limited thereto and that it includes all the technical 
equivalents of the means described and their combinations 
provided that they fall Within the scope of the invention. 

1. A method of stabilizing a magnetically levitated object 
subjected to at least one constant magnetic ?eld, said object 
being stable in at least one direction and unstable in at least 
one other direction, comprising a stabilizing step, repeated as 
often as necessary, Which comprises applying an electrical 
current through at least one conducting element subjected to 
a secondary magnetic ?eld so as to generate a compensating 
Lorentz in the direction of instability. 

2. The method as claimed in claim 1, Wherein an aim of the 
stabilizing step is to keep the object betWeen an upper bound 
and a loWer bound around a desired mean equilibrium posi 
tion. 

3. The method as claimed in claim 1, further comprising 
detecting the position of the object capable of initiating and/ 
or interrupting the How of the electrical current through the 
conducting element. 

4. A magnetic levitation device comprising an object in 
levitation subjected to at least one constant magnetic ?eld, 
capable of interacting With corresponding magnetization 
means of the levitated object, comprising, on the one hand, 
secondary magnetic elements that are capable of generating a 
secondary magnetic ?eld and, on the other hand, at least one 
conducting element subjected to the secondary magnetic 
?eld, so that a compensating Lorentz is generated on the 
levitated object When an electrical current ?ows through the 
conducting element. 

5. The device as claimed in claim 4, Wherein the magnetic 
?eld, together With the corresponding magnetization means, 
develops an attractive force that is exerted on the levitated 
object. 

6. The device as claimed in claim 4, Wherein the magnetic 
?eld is generated by at least tWo magnetic ?eld sources, the 
magnetic ?eld sources and the complementary magnetization 
means of the levitated object possessing a parallel magnetic 
orientation in the same direction. 

7. The device as claimed in claim, Wherein the conducting 
element is a coil. 

8. The device as claimed in claim, Wherein the magnetic 
?eld sources and/ or the complementary magnetization means 
and/or the secondary magnetic elements are permanent mag 
nets. 

9. The device as claimed in claim, Wherein the secondary 
magnetic elements interact With at least one ferromagnetic 
material shaped so as to alloW the secondary magnetic ?eld to 
be reoriented. 

10. The device as claimed in claim, Wherein it includes at 
least one sensor capable of initiating or interrupting the How 
of the current through the conducting element according to 
the position of the levitated object. 

11. The device as claimed in claim 10, Wherein the sensor 
includes a tip integral With the levitated object and capable of 
coming into contact With a sWitch in order to close it. 

* * * * * 


